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Subject: Contract RD-9L
Task Order No, 2
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In accordance with Article 2 of the basic contract,
there are forwarded herewith two (2) copies of the Monthly
Progress Report for May, 1957 on Task Oruer No. 2 of fD=9l .
This re HOCLASSIFI®¥D. An additional copy 1s being
bheld in by the project engineer for the use of 25X1

your personnel while at this locstion,

In commection with this monthly progress report,
the following information is submitted:

Total expenditures to L -30-57 $30,605
gutstanding commitments as of

l4=-30-57 135
Funds remaining as of L-30-57 $29,576

Very truly yours,

25X1
Agsistant Manager
Government Contract Administration
TRR :mr
£-1L608
Inclosures
cec: 25X1
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CONFIDENTIAL

Monthly Progress Report
May 1957

Tank Qrder NO. 2
Contraot Ho. RD=94

Audio Noise Reduction Cirouits

The object of this project is to develop a noise reduction cirocuit
suitable for use in separating speech intelligence from a signal containing
spoech and noise when the ipoeoh intelligence ia masked by the noise. The
proposed method involves a principle which has been used successfully to
improve the signaletoenoise ratio in music reproduoing or transmission
systm.l The system used for music contains bandpase filters which pass
frequencies over a range of an ootave or less. These filters are ﬁned
at the input and output of a nonelinear eleoment. The output of the none
linear olements contain the fundamsntal, and also harmoniocs and subharmonios
of the fundamental. However, since the pasz band of the input and output
bandpass filters is no greuter than an octave, the harmoniocs and subhermonics
are not transmitted by the systeme The fimetion of the non=linear element
is to reject all noise signals below a given amplitude or threshold level.
The threshold levels of the non~linear devices in each channel can be
adjusted so that, in the absenoce of desired signal, the noise is rejected.
When the desired signal is greater than the threshold level, the nonelinear
olements allow the composite signal to pass. ‘thus, for passages of recorded
music, when the musio signal is below the noise level in a given frequency
channel, the channel is inoperative, and its output is sliminated from the
total output. Since the contributian of this channel to the totsl output

would have been only noise, the over-all noise level is reduced. 'hen the

l. H.Fo Olson, "Electronics,” Dec. 1947.
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musio signal in a given channel is greater than ths noise, the channel
conduots and allows the composite signal to pass. Thus, a channel conduots
only when the desired signal is greater than the noise, and rejects when
noise alone is preszent.

In order to apply this method of noise reduction to speech, when
the wide band speech signaletoenoise ratio is very low, it was believed
necessary to find frequenoy regions in which the speech amplitude is
greater than the noise. Although the long time average spectrum of speech
is continuous, end similer in shape to the speotrum of room noiae.z the
short time spsotrum of various speech sounde contains rqgions of maximum
energy oalled speech 1‘¢:ot'mam::|.:5 The assumption that this method of noise
reduotion should be utilized for spsech was based upon the belief that 113
would be possible to find frequency regions in which the amplitude of the
specch formants would be greater than the noise a rsubstantial part of the
tine,

A study has boen made to determine what bandwidths are required in
order to obtain speech formant amplitudes above the noise when a wide bund
spocch sample is just intelligible in noise. It is known that for noises with
& oontinuous spectrum it is the noise components in the immediate frequency
region of the masked tone which contribute to the masking."" VWhen a very
narrow band of noise is used to mask & pure tone, the masking increases as
the bandwidth is inorcased until a certain bandwidth is reached. After this,

a8 the bandwidth is inoreased, the amount of masking remains constant. Thig
bandwidth at which the mesking reaches a fixed value i1s termed the oritical

2. H. Fletcher, "Spscch and Hearing on Commumiocation,” Van Nostrand Co., Ine.,
New York, 1953 (see Figures 61 and 70).

Se Opeoit. chape. 1.

4e L.L. Beranek, "The Design of Speech Comminication Systems," Proec. IRE,
VOIo 35. pp. 882. sopt. 19‘7.
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bandwidth.s Meagurements have been mande using filters which were both
narrower and wider than the oritical bandwidth. Both pure tones and speech
mixed with continuous spectrum type noises have been studied. The results

of this study show that, for the narrowest permissible bands which osn be
used to pess speech formants, ths number of times the spedoch formant amplitude
in a given bund exoseds the noise is small. 4lso, in these banda, the speech
amplitude is never considerably greater than the noise. Since very narrow
bandwidths are required to rsduce the noise below the signel, the number of
bands required to cover the apsech spectrum is quite large. There was no
satisfactory way of evaluating the effeot upon spoech intelligence of snll
contributions from many narrow bands without building a many channeled
oirocuit and evaluating it.

In view of thia fact a complste multi~ghannel system has been
developed in order to determire the effectiveness of this method of improving
specch intelligibility in noises The mulii-channel gystem developed contains
80 channels covering the Sfrequancy range from 700 to 3200 opse Tho bandwidth
of each channel is adjusteble and each has been get so that it is one half that
of tho oritical btend when the signal is 3 db above the threshold level. 4
schedule of the band centers and their bandwidths is contained in the progress
report for Januvary 1957.

During May final adjustment end assembly of the 80 shannel noise
reducer was completed. 4 by=pass clircuit wes built which has the same pess
band as the noise reduotion oircuit. The response-frequency characteristio
of the by-pass circuit and the noise reduction circuit is shown in Figures
1 and 2. The inputeoutput characteristic of the noises reducer at 1000 ops.

is shown in Figure &, Curve 4. Some prelinminary measurements have been

6. N.R. French and J«C. Steinborg, "Factors Governing the Intelligibility of
Speech Sounds," Jour.Ascust.Soc.imsr., Vol. 19, Jan. 1847 (see Figure 7).
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made using this nolse reducer on speech mixed with both flat noise and
simulated room noise. In these measurements a recording of continuous
discourse was played back through a mixing amplifier. The noise level mixed
with the speech was adjusted until the threshold of intolligib:llitys was
reached when the composite signal was passed through the by-pass circuit.

The same composite signal was then passed through the noise reduotion cirouit
at various levels above the threahold. A blook diagram of the test oircuit is
shown in Figure 4. It has been found that when the maximum of the composite
signal is about 6 db above the threshold some speech components are passed
free of noise. However, the information contained in these components is
not sufficient to provide speech intslligibility. It iﬂa found that the
oomposite signal must be at least 156 db above the threshold in order to
provide some intelligence, and meximum intelligence ocours when the maxirmm
of the composite signal is from 20 to 25 db above the threshold of the noise
reduction oircuit. At this level both specoh and noise are passed by the
noise reduction oircuit.

In order to maintain a more oonstant level for the meximum amplitude
of the composite signal, a compression amplifier was added between the mixing
amplifier and the noise reduction circuit. The response curve and compression
characteristic are shown in Figures 5 and 6. The effect of the compression
smplifier on the input-output charscteristic of the ncise reducer is shown
in Figure 8, Curve B. The evaluation measurements were repeatsd using speech
mixed with noise.

The results of theso preliminary teste indicate that passing only the

speech information whioh is greater than the noise does not provide sufficient

6¢ J.E. Hawkins, Jr. and 5.5, Stevens, “The Masking of Pure Tones and of
Spsech by White Noise," JASA, Vol. 22, p. 11, January, 1950,
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information to give speech intelligence. However, whemn the composite signal
is 16 to 20 db above the threshold aof the noise reducer, and consideradle
noise is passed, it is believed that the intelliglbility of contimuous
disocourse is improved.

In view of these results, it is planned to mmke further evaluation
measurements and modifications of the cirouit in an effort to improve its
performance. Tests will be performed for various conditions of the noise
reducer and noise samples. For exampls, the thresholds of the noise reducer
channels ocan be adjusted as & funotion of frequency; +the bandwidths of the
channels can be adjusted; the characteristic of the compression amplifier
can be varied. The resulte of these further measurements will give a
better evaluation of this method of noise reducticn.

ESR:pad
June 10, 1957
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